Background: subjective cognitive difficulties (SCD) have been associated with a higher risk of developing dementia. However, there is large variation in the way SCD are assessed and in their associations with cognitive functioning. Objective: to compare the agreement of different SCD measures in identifying people with SCD and to investigate whether SCD are more strongly associated with cognitive functioning, mood, subjective age or background variables. Methods: this cross-sectional study included 206 community-dwelling people aged ≥65. SCD were assessed with individual domain specific questions and a multiple-item scaled measure. Performance on tests of memory, attention, and executive function, and ratings of mood, subjective age and demographic information were recorded. Results: there was some classification overlap between the five measures of SCD, however of the 64 people identified as having SCD, only one person appeared in all five measures of SCD and 34 people were classified by one measure only. There were limited associations between SCD and objective cognition, with more consistent associations with mood and subjective age. Conclusions: the conflicting evidence regarding whether SCD are related to objective cognition and future risk of dementia may be due to different measures of SCD being employed. Careful consideration and standardisation is recommended regarding the cognitive domains and the reference groups for comparison, the response structure and the classification criteria. Longitudinal studies of SCD that include these considerations are needed to clarify the conceptual utility of SCD.
Introduction
Identification of factors associated with developing dementia is of clinical and research interest as it creates opportunity for early interventions [1, 2] . Self-reported cognitive difficulties are considered potential early indicators of dementia, as people may notice subtle changes in functioning before objective difficulties become apparent during neuropsychological assessment [3] . However, the evidence is mixed and the mechanisms are not well understood with some studies showing a greater likelihood of progression to dementia for people reporting subjective cognitive difficulties (SCD) [4, 5] , while other studies have not [2, 6] .
Synthesis of research is hindered by inconsistent terminology and assessment [7] potentially accounting for some discrepancies reported previously. 'Subjective memory complaints' refers specifically to memory problems, whereas 'subjective complaints' may include other non-memory difficulties; 'subjective cognitive impairment' may not be accurate if only subtle difficulties are described, and whilst 'subjective cognitive decline' is gaining traction as the accepted term [3] and acknowledges non-memory cognitive domains, it implies longitudinal measurement that may not be available. As the present study is cross-sectional SCD is used to provide an inclusive concept reflecting assessment at a single time point [8] .
Assessment methods range from single yes/no questions, to multiple-item scaled measures addressing various cognitive domains [9] . There appears to be little association between subjective evaluation and objective cognitive performance [10] [11] [12] , and SCD fluctuates over time [13] . Subjective appraisals may be related to mood, personality and sleep quality rather than objective cognitive performance [14] [15] [16] [17] [18] , factors which potentially represent early pathological changes associated with development of Alzheimer's disease before cognitive changes can be reliably assessed. Impaired awareness of cognitive difficulties may be a more accurate indicator of developing dementia [19] , suggesting the information that SCD provides is more nuanced than simply an appraisal of cognitive abilities, and could be better utilised to detect unseen changes.
Inconsistencies in implementation and conceptualisation of SCD have implications for diagnosing mild cognitive impairment (MCI), as many diagnostic systems consider exclusively individuals' perceptions of their memory functioning [20] . Overlooking other cognitive domains may lead to conservative MCI prevalence rates and individuals remaining undiagnosed. Given the importance of early diagnosis of dementia and identifying those at risk, investigating SCD is important to clarify inconsistencies and determine how the concept should best be measured and/or conceived.
This study explores potential disparities in SCD identification using five measures and aims to answer the following questions:
• To what extent do different measures of SCD correspond?
• Does the association with objective cognitive performance vary depending on SCD measure? • Can other factors explain the relationship between SCD and objective cognitive performance?
Method Participants
Participants were aged ≥65 and had no self-reported neurological disorder or cognitive impairment. Two-hundred and nine community-dwelling older people were recruited from community centres in the UK and Ireland. Three participants were excluded as their depression scores indicated they had moderate/severe depression and the focus of this study was on a non-clinical population as the relationship between clinical levels of depression and SCD is already known [9, 21] . Ethical approval was granted by the Bangor University School of Psychology Ethics and Research Committee.
Measures

SCD: five measures of SCD were used
Three questions were asked sequentially to assess participant's perceptions of their day-to-day memory (SCD-Memory), executive (SCD-Executive) and attention (SCD-Attention) abilities in comparison to other people their own age (See Appendix 1, available in Age and Ageing online). Participants rating their abilities as fair, poor, or very poor were considered to have SCD. A single yes/no question from the 15-item Geriatric Depression Scale (GDS-15; [22] ) asked if participants feel they have more problems with memory than most (SCD-GDS).
Finally, a self-completed version of the 16-item Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE; [23] ) asked participants about changes in cognitive ability over the previous 10 years, with response options ranging from much improved to much worse. The recommended cut-off score of 3.38 [24] was used to dichotomise participants into those with and without SCD, this cut-off score has previously been shown to have sensitivity of 0.77 and specificity of 0.86 [23] for dementia.
Mood: Depressive symptoms were assessed with the remaining 14 items from the GDS-15, subsequently referred to as GDS-14. Anxiety was assessed with the Geriatric Anxiety Inventory (GAI; [25] ). Depressive thoughts were assessed with the Depressive Cognitions Scale (DCS; [26] ).
Subjective age was assessed with a single question (See Appendix 1, available in Age and Ageing online). Responses were grouped into 'younger', 'the same age', or 'older' in the analyses.
To ensure subjective responses were not influenced by cognitive test performance all questionnaires were completed before cognitive testing.
Cognition: Memory was assessed with the word listlearning subtest from Wechsler Memory Scale, 3rd Edition (WMS-III; [27] ). The total score for the four immediate memory trials (WMS-Immediate) and total score for the same words after a delay of 25 min (WMS-Delay) were used. Executive function was assessed with the Trail Making Test Part 4 (TMT-4) and Letter Fluency from the Delis-Kaplan Executive Function System (D-KEFS; [28] ). Attention was assessed with the D-KEFS Trail Making Test Part 2 (TMT-2). Global cognition was assessed with the Addenbrooke's Cognitive Examination III (ACE-III; [29] ).
Data analysis
For each SCD measure participants were dichotomised into either with or without SCD, as outlined above. For each SCD measure, the groups were compared with t-tests or chi-square to evaluate differences in mood, cognition, subjective age and demographic variables. Individual logistic regressions were conducted for each SCD measure to evaluate predictive value of the variables in identifying people with SCD. For each regression, only variables shown to be significantly associated with individual SCD measures before correction for multiple comparisons were included, with cognition variables entered in the first block, mood variables entered in the second block and demographic and subjective age variables entered in the third block. As subjective age was a categorical variable, the 'younger' group was used as the reference category. Where there were no significant associations between the SCD measure and cognition, mood variables were entered in the first block. This allowed the assessment of whether mood mediates any associations between SCD and cognition, and whether any demographic variables or subjective age mediates the associations between SCD and mood. Holm-Bonferroni correction for multiple comparisons was applied to all analyses.
Results
There were 69 males and 137 females (mean age = 72.76; SD = 6.49), with an average ACE-III score of 90.61 (SD = 6.66), see Table 1 for details of the main measures.
SCD classification
The percentage of participants with SCD varied from 5.3% to 22.3%, dependent upon the measure employed ( Table 2 ). All SCD measures demonstrated significant interdependence (Table 2A ). There were 142 participants without SCD and 64 participants classed as having SCD when all measures were considered. However, only one was classed as having SCD by all five measures, seven participants by four measures, nine by three measures, and 13 by two measures. There were 34 participants classed as having SCD in a single measure. Twenty participants had SCD identified by both SCD-Memory and GDS-SCD; six participants had SCD according to SCD-Memory, SCDExecutive and SCD-Attention and three had SCD according to the IQCODE in combination with the three individual items. Table 2B shows the differences between those with and without SCD by each SCD measure on cognition, mood, demographics and subjective age.
Group comparisons
Three cognition variables were associated with SCD but none remained statistically significant after correcting for multiple comparisons (Table 2B ). Participants with SCD had significantly higher depressive symptoms than those without SCD for all SCD measures except SCD-Attention, higher anxiety for SCD-Memory, higher depressive cognitions for SCD-Attention, and there were significant differences for subjective age for SCD-Memory and SCD-Attention with fewer people with the same or younger subjective age in the SCD groups after correcting for multiple comparisons.
Logistic regression
All models were statistically significant, indicating that predictors reliably distinguished between those with and without SCD (Table 3) . However, the predictive success of the models varied in correctly determining which participants had SCD, from 78% for model one of SCD-Memory to 95% for model three of SCD-Attention. Cognition measures were a significant predictor for two of the five SCD measures after corrections for multiple comparisons.
SCD-Memory
In the first model, WMS-Immediate was a significant predictor with decreased odds of 0.95 of having SCD-Memory for every additional WMS-Immediate point scored. The odds ratio increased very slightly for WMS-Immediate once scores for mood were included in the model and WMS-Immediate was no longer significant. In the final model, only subjective age was a significant predictor, with those who rated themselves as feeling the same age 3.17 times more likely to have SCD than those who rated themselves as feeling younger.
SCD-Executive
In the first model, total time for TMT-2 significantly predicted SCD-Executive, with an increased odds ratio of 1.03 for every additional second participants took to complete TMT-2. In model two, GDS-14 was the only significant predictor of SCD-Executive. The relationship between GDS-14 and SCD-Executive was attenuated and became nonsignificant once subjective age was included in the model.
SCD-Attention, SCD-GDS and IQCODE
For SCD-Attention, there were no significant predictors after correcting for multiple comparisons. There were no significant predictors for SCD-GDS or IQCODE.
Discussion
This study compared classification rates in communitydwelling older people using five SCD measures, explored the extent that SCD measures are interrelated, and investigated how SCD measures relate to objective cognitive functioning, mood, subjective ageing and background variables. Different SCD measures displayed significant interdependence, although there was limited overlap in identifying those with SCD. Less than a third of people classified as having SCD with any of the five SCD measures were identified by three or more measures and only one person by all five measures. Different SCD measures capture different features of SCD, yet are often used interchangeably in both research and clinical practice. This is likely to be inappropriate as it could lead to subtle changes in some individuals being missed, and the chance to capitalise on intervention at an early stage is jeopardised. We found limited evidence that SCD was related to objective measures of memory, executive function or attention [10] [11] [12] . Only three single-domain SCD measures showed sensitivity to objective cognitive functioning, although none of the associations were statistically significant after correcting for multiple comparisons. There was however a stronger relationship with measures of mood [14] [15] [16] [17] [18] and subjective age. SCD may be more strongly related to subjective feelings of well-being rather than cognition even in a sample who did not meet criteria for moderate or severe depression. This may be indicative of early pathological 11.80** 6.00* 18.53*** 5.22 3.25 *P < 0.05; **P < 0.01; ***P < 0.001. Note: Associations between SCD measures and other variables were established for each measure separately, by comparing participants with SCD and participants without SCD (as defined by each SCD measure). Part A presents group comparisons for SCD measures using chi-square tests (X 2 ), and Part B presents group comparisons for other variables using chi-square tests (X 2 ) or t-tests (t). Bold indicates significant at the 5% level after Holm-Bonferroni correction. SCD, Subjective cognitive difficulties; GDS, Geriatric Depression Scale; IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly. changes associated with the development of dementia occurring before objective cognitive impairments can be reliably assessed and consequently an holistic approach to interpreting the meaning of SCD is required. The only individually significant predictor in the final models for the SCD measures was subjective age, and only for SCD-Memory. This finding, and the individual associations between subjective age and SCD-Memory, SCDExecutive and SCD-Attention is not surprising as the questions ask for comparison to people of the same age. It is likely that there is an interaction between how well a person feels they are doing for their age and expectations of how someone should be when they are at a particular age [30] .
Observed differences in SCD rates may reflect frequency of difficulties in cognitive domains, with memory difficulties more common or easier to recognise and acknowledge than more abstract difficulties in attention. However, this variability may also result from other factors differing between measures: the reference group for comparison, response structure, SCD classification criteria, or a combination of these. Nevertheless, SCD-Memory, SCD-Attention and SCD-Executive use the same question, response structure and classification criteria, yet are endorsed to different extents. SCD-Memory classified the most people as having SCD whereas SCD-Attention classified the least, suggesting it is reasonable that comparisons should be made between each measure of cognitive functioning and its respective SCD measure [8] . However, the IQCODE combines questions about various cognitive domains but did not demonstrate improved associations with objective measures of cognition. SCD-GDS is less frequently endorsed than SCDMemory, despite reference to the same cognitive domain, possibly due to different response structure and comparison groups. For SCD-GDS, respondents compared their memory to 'most' people and for SCD-Memory to 'people their own age'. Previous research suggests that the 'most people' comparison increases endorsement particularly when respondents include younger people [7] . Participants could consider small declines as part of normal ageing and thus perceive that they have more memory problems than 'most'. However, in contrast to previous research [7] we found including the own age comparison increased endorsement compared to the most people comparison, which may be due to response structure or classification criteria. The different response structure for these questions, a dichotomous yes/no as opposed to a scaled response from very poor to excellent may account for a lower endorsement, as people may find it easier to say that their memory is very poor, poor, or fair as opposed to a blunt 'yes' for memory problems. Concordant with previous research [7] , we interpreted the response 'fair' as SCD, but this may have inflated the number in applicable SCD groups. Understanding the true meaning of 'fair' needs further investigation to validate SCD classifications. The psychometric properties of SCD measures should therefore be considered thoroughly in relation to the outcome sought, and results interpreted in view of the question format.
Limitations
This study is a cross-sectional design and has a relatively small sample size. Larger studies considering several time points are required to establish relationships between various measures of SCD, objective cognitive functioning, mood, and cognitive change. The ambiguous category 'fair' in scaled responses was taken as an indication of SCD, but more research is needed to establish whether it improves specificity [7] . Cognitive decline from prior functioning may have already taken place for some participants, whereas others may have maintained their functioning as they have aged. However, as this was a crosssectional study it was not possible to consider such individual differences. Conceptually, SCD should occur before the development of objective cognitive problems and consequently relationships between subjective and objective measures of functioning should be small. However, our findings reflect that evidence regarding the presence of SCD and objective cognitive functioning is equivocal and thus longitudinal research is needed to understand how SCD may contribute to further decline [2, 4, 6, 8, 10, 16] .
Conclusions
Our comparisons demonstrate that SCD assessment strategy leads to different SCD rates, which may potentially explain observed discrepancies in the predictive validity of SCD for dementia. The measurement approach and the question structure should be carefully considered when designing studies and synthesising existing evidence. Whilst each measure identified SCD, none accounted for subjective appraisal of cognition completely. Therefore, future investigations should employ a multifaceted approach to ensure different domains of cognition are accounted for rather than focusing solely on memory [9] . SCD may be a predictor for future cognitive decline, and accurate identification of individuals could enhance sensitive prediction. However, accurate identification requires considering different cognitive domains, mood, subjective age and a consistent approach to measuring SCD across studies.
Key points
• Different assessment measures of SCD are not interchangeable.
• A multifaceted approach that includes more than subjective memory appraisal is needed to adequately investigate SCD.
• SCD may be more related to mood and subjective feelings of age than cognition.
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